As a result of unhealthy lifestyles, reduced numbers of healthcare providers are having to deal with an increasing number of diabetes patients. In light of this shortage of physicians and nursing staff, new concepts of care are needed. The aim of this scoping review is to review the literature and examine the effects of task delegation to non-physician health professionals, with a further emphasis on inter-professional care.
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Introduction
With more than 422 million adults estimated to be affected worldwide [1] , diabetes in the 21st century is often considered an epidemic, and it threatens the economies of every nation. Due to an ageing population and lifestyle changes that lead to reduced physical activity and increased obesity, the prevalence of diabetes has been steadily increasing over the past few decades, and is expected to increase further in the future [2] [3] [4] . To date, diabetes-related healthcare costs worldwide make up an estimated 12% of overall healthcare expenditure per year [3] -$825 billion in total [5] -with the largest components of costs being related to the treatment of diabetes complications [6, 7] . These microvascular and macrovascular complications can potentially lead to coronary artery disease, strokes, blindness, kidney failure and lower limb amputation [8] , and are strongly associated with insufficient control of blood sugar levels [9] . It is known that adequate diabetes treatment can delay or even prevent diabetic complications, thus resulting in great improvements to quality of life and substantial cost savings. However, many patients do not receive adequate treatment, or indeed any treatment at all. Studies have shown that a substantial proportion of those with diabetes remain undiagnosed, since there are often few symptoms during the early years of type-2 diabetes and, when symptoms do manifest, they are not recognised as being related to diabetes [10, 11] . As a result of the lack of symptoms, diabetes patients and those at risk of developing diabetes need to be examined regularly and educated regarding their disease and the importance of rigorous blood sugar control. Previous research has revealed poor levels of diabetes knowledge among patients [11, 12] , and that physicians have only limited time to spare for providing diabetes education [13] . Furthermore, diabetes care can be complicated by restricted access to diabetes specialists, especially in underserved rural areas [14] .
Due to the complexity of the disease, a variety of physician and non-physician healthcare professionals are involved in the treatment of diabetes patients, including diabetologists, primary care physicians, nurses, dietitians, ophthalmologists, pharmacists, psychologists and podiatrists. In the changing healthcare system landscape, dividing tasks between different healthcare professions could be an effective means of dealing with shortages of physicians and nursing staff. Previous studies have shown that appropriately trained or specialised, non-physician health providers can provide equivalent care to that provided by physicians, resulting in a high level of satisfaction on the patients' side [15] [16] [17] [18] [19] . Stepping away from traditional job demarcations and shifting tasks from physicians to non-physicians could allow us to create new types of work models [20] . The aim of this scoping review is to examine these new types of work models that involve extended roles for non-physicians. Task delegation to non-physician clinicians could potentially free up more time for patient care and allow physicians to focus on more complex medical care issues [21] . This study constitutes the first part of the scoping review, and contains a subgroup analysis that further assesses all the studies that involved team-oriented interventions. Diabetes teams consisting of physician and non-physician health providers could potentially improve quality of care in inpatient and outpatient settings by diminishing the length of stay and thus reducing mortality and costs [22] [23] [24] [25] .
The objective of this scoping review is to determine whether task delegation in diabetes teams could improve quality of diabetes care. Quality of care is assessed applying the conceptual model by Donabedian, which consists of three quality dimensions: structure, process and outcome [26] .
Methods

Research design
At the beginning of the literature search process, several methods of systematic reviews were considered, including the meta-analysis approach. Due to the high number of delegation studies identified and their heterogeneity, the purpose of this review should be to identify the types of evidence available and the key concepts and characteristics of task delegation, as well as potential fields of application. For this reason, a scoping review approach was chosen over conducting a systematic review [27] . Scoping reviews can provide a method for mapping evidence from a specific research area by showing existing research findings and revealing gaps in the evidence base at the same time.
Assuming that different countries demonstrate different socialisation processes in the respective health systems, the relationship between individual health personnel and that between health personnel and their patients will be affected by those socialisation processes. These interpersonal relationships might affect the outcomes of studies and lead to a bias that cannot be identified using the data from the studies or based exclusively on knowledge of the health systems. The conservative approach of the scoping review was thus chosen in order to ensure that the results remain reliable.
The conduct of this scoping review is based on the five-stage-approach as described by Arksey and O'Malley, which includes identifying the research question, identifying relevant studies, study selection, charting the data and collating, summarising and reporting the results [28] . Furthermore, this scoping review was conducted in accordance with the PRISMA Extension for Scoping Reviews (PRISMA ScR) [29] .
Identifying relevant studies
Inclusion and exclusion criteria. All studies published between 1994 and 2017 that described a defined task delegation from physicians to non-physicians in the treatment of patients with diabetes mellitus were included. 1994 was chosen as the starting year because it marks the beginning of modern, evidence-based medicine [30] . Interventions with type-1, type-2 and gestational diabetes patients were included in this review. Randomised controlled trials, clinical controlled trials and before/after studies were included, while feasibility trials, abstracts, qualitative studies and study protocols were excluded.
In addition to this, systematic reviews that met the eligibility criteria were identified and, in order to avoid duplicates, the primary literature in these reviews was checked for eligibility and included in the scoping review. In order to be eligible, the studies had to be published in German, English or French language. The initial literature search took place in 2014. Studies from between 1993 and 2013 were included in an economic evaluation, which was published in 2017 [31] . An updated search was conducted in 2018 to include all studies published from 2014 to 2017. Systematic searches were performed using the PubMed, Embase and Google Scholar databases. Due to the lack of consistent keywords, a combination of different keywords was used in order to ensure that all the relevant studies were identified. The literature search was conducted using the keywords delegation, substitution, hospital, structured care and managed care in combination with the keywords nurse, team, dietitian, pharmacist, community health worker and social worker.
Study selection
Two reviewers (SM, TG) assessed each potentially relevant study independently. First, the abstracts were reviewed. If the information provided therein suggested that the study met the inclusion criteria, the full articles were then retrieved for further assessment. Duplicates were removed at every stage. Differences between the two reviewers' results were resolved through discussion, and a third reviewer (MR) was consulted when necessary.
Charting the data
Two reviewers (SM, TG) independently extracted data from each included study. In detail, the following data was collected from the studies: characteristics of the study population, lengths of intervention and follow-up, use of clinical guidelines, team characteristics, qualification and training of non-physician team members, use of telemedicine, and outcome parameters. The outcome parameters are HbA1c, fasting blood glucose, body weight/body mass index, blood pressure, lipid profile, nephropathy parameters, 'hard' clinical endpoints like morbidity and mortality, patient satisfaction, quality of life, diabetes knowledge and cost savings.
Results
The initial literature search in 2014 identified 403 potentially relevant studies in the electronic databases; the updated literature search in 2018 identified 224 potentially relevant studies published between 2014 and 2017. A further 98 potential studies were found by means of a manual search, which consisted of checking the reference lists of studies that had already been identified as relevant. Fig 1 shows the flowchart for the search process.
Following the initial screening of the titles and abstracts, 296 full-text articles were examined. A total of 137 studies initially met the eligibility criteria and were included in the scoping review. The updated literature search yielded 66 studies published between 2014 and 2017; these were subsequently included in the updated scoping review. A total of 45 studies with a team-based approach were included in this subgroup analysis.
Study characteristics
Study design and methodology. There were 30 randomised controlled trials (67%), four of which were conducted in a cluster design; seven controlled clinical trials (16%) and 5 before/after studies (11%). Most of the studies indicated inclusion and exclusion criteria (43 studies, 96%) and study limitations (37 studies, 82%). Power and sample size calculations were conducted in 27 of the studies (60%).
Study setting. The majority of the studies were conducted in the USA (24 studies, 53%), the Netherlands (5 studies, 11%) and China (3 studies, 7%). Most of the interventions were performed in an outpatient setting (44 studies, 98%); one study (Koproski et al. 1997 ) was conducted solely in an inpatient setting. Thirty-six of the studies (80%) were performed in a primary care setting where day-to-day healthcare is delivered mainly by primary care physicians. Two of the studies (4%) took place in a hospital-based ambulatory care setting. Six of the studies (13%) included a community care approach.
Patient characteristics.
A total of 12,092 participants were followed up for a mean duration of 15.88 months, ranging from three to 88 months (see Table 1 ). A slight majority of the participants were female (52.9%). The participants had a mean age of 56. Table 1 shows the characteristics of the included patients. Task delegation in diabetes care Type of intervention. Most of the team interventions involved diabetes education as an aid to self-management (39 studies, 87%) in group and individual sessions; clinic-based sessions or in-home visits. Twenty-four of the studies (53%) included the use of telemedicine, mostly in the form of telephone calls (79%) and video conferences (21%). The frequency of patient contact ranged from daily contact (face-to-face or via telephone or video conference) to visits every couple of months. Twenty-eight of the studies (62%) indicated that the intervention was based on national or international guidelines. A further seven studies (16%) included predefined protocols or algorithms. Ten of the studies (22%) did not declare any guidelines, protocols or algorithms.
Team characteristics. The teams consisted of various non-physician healthcare professionals, including nurses (44 studies, 98%), dietitians (27 studies, 60%), community health workers and social workers (10 studies, 22%), pharmacists (10 studies, 22%), and psychologists (4 studies, 9%). In 24 of the studies, a physician was involved in the team. On average, there were three different healthcare professionals in each team, ranging from teams with only two team-members to teams with more than seven different non-physician providers.
Team supervision and qualification. Only ten studies indicated that non-physician healthcare providers were supervised by physician team-members. Twenty-seven studies (60%) reported detailed qualifications for the team members, such as certified diabetes educator, diabetes specialist nurse or nurse case manager.
Six studies (13%) specified that the team members received specific training prior to the intervention. Table 2 provides a summary of all 45 studies included in the subgroup analysis.
Intervention outcomes
HbA1c. Almost all of the studies (42 studies, 93%) measured glycaemic control in the form of HbA1c. Thirty of the studies (67%) showed a significant improvement in HbA1c, either in total or compared to the control group. Eight of the studies (18%) resulted in either non-significant HbA1c improvements or no changes in HbA1c, and only four of the studies (9%) showed a non-significant increase in HbA1c. Significant HbA1c increases were not observed in any of the studies. A detailed record of all the HbA1c changes is shown in Table 3 .
Patient satisfaction. Patient satisfaction was measured in 16 of the studies. Most of these studies utilised the diabetes treatment satisfaction questionnaire developed by Bradley [32] to measure patient satisfaction. One study (Toledo et al. 2012 ) measured both patient and provider satisfaction. In summary, satisfaction with team-based care was generally high, with 14 studies showing improvements.
Quality of life. Quality of life measurements were performed in 12 of the studies. Most of the studies utilised the SF-36 health survey developed by the RAND cooperation in the Medical Outcomes Study [33] . Only one study (Kim et al. 2009 ) reported significant improvements in the quality of life scores. The rest of the studies reported non-significant improvements in Task delegation in diabetes care the quality of life scores, no score differences after the intervention, or no differences between the intervention and control group. Other outcome parameters. Only ten of the studies (22%) conducted an economic evaluation of the team-based care. Six of those studies reported cost savings following the introduction of a diabetes team. The cost savings ranged from $66 to $950 per person, per year.
A more detailed description of all the cost studies included in this scoping review has been published elsewhere [31] .
Other outcome parameters included:
• Fasting blood glucose (measured in 10 studies, with 3 studies showing improvement in the outcome parameter)
• Blood pressure (measured in 26 studies, with 11 studies showing improvement in the outcome parameter)
• Body mass index/body weight (measured in 21 studies, with 2 studies showing improvement in the outcome parameter)
• Lipid profiles (measured in 25 studies, with 9 studies showing improvement in the outcome parameter)
• Nephropathy parameters such as measurements of creatinine, proteinuria or glomerular filtration rate (measured in 8 studies, with no studies showing improvement in the outcome parameter)
Discussion
The aim of this scoping review is to examine the effects of task delegation to non-physician healthcare providers. A total of 203 highly heterogeneous studies were identified and analysed further in the form of subgroups. This review is a subgroup analysis of 45 studies, with a further emphasis on team-based diabetes care. Both inpatient and outpatient studies involving type-1 and type-2 patients were included in order to take into account different settings and age groups. Studies involving gestational diabetes patients were also included in order to factor in different gender distributions; however, none of the studies involving gestational diabetes patients met all of the eligibility criteria. 
Evaluating the quality of care
Structure. Structure is defined by all the factors that affect the setting in which care is provided, and includes facilities and equipment as well as the qualification and training of medical staff. Our study reveals a lack of detailed reporting on the qualifications and expertise of nonphysicians. A total of 18 studies (40%) did not specify qualifications in terms of either basic and supplementary training, or duration and type of professional experience.
The qualifications of non-physician healthcare providers play a very important role in the safety of the delegation process, and are highly relevant when it comes to implementing diabetes teams that involve extended roles for non-physician health professionals.
Twenty-four of the studies (53%) reported the use of telecommunication and information technology, mostly in the form of telephone calls (79%) and video conferences (21%). The application of telemedicine was very heterogeneous, and ranged from contacting patients in isolated, rural regions to regular patient contact in outpatient settings, as well as non-physicians facilitating contact with physician supervisors. This scoping review analysed the use of telemedicine in task delegation contexts. As such, it is not possible to draw any conclusion regarding the sole effect of telemedicine on patient outcomes. However, previous research has shown that telemedicine can potentially lead to improvements in quality of life, reductions in lethality, and early detection of diabetic complications [34] . While Marcolino et al. found telemedicine to have a positive effect on HbA1c [35] , other studies indicate less clear results [36] [37] [38] . The differences in the results of the studies may be explained by the differences in the type of technology used and the context of its use. The results of this scoping review show that telemedicine has the potential to support both communication between team-members and patient communication, which could help improve safety and the acceptance of delegation among all the parties involved. Depending on the type of technology used, telemedicine may require costly investments, and its use should be considered on a case-by-case basis, especially in light of an aging population.
Process. Another approach to assessing the quality of care is to analyse the care procedure itself, which includes justification of the diagnosis and the therapy. The assessment of medical care procedures is very difficult in practice. In most of the studies included in this scoping review (78%), the care provided was based on evidence-based guidelines or predefined protocols or algorithms. Unfortunately, many of the studies do not specify whether the interventions are based on national or international guidelines.
Previous research has shown that algorithms, protocols and guidelines seem to be a key factor in task delegation [39] . Due to national legal constraints placed on their decision-making, non-physician health providers-and non-medical staff in particular-tend to follow protocols rigorously, which has a positive effect on medical care [40] .
Intervention outcomes. The vast majority of the studies included in this review showed a significant improvement in glycaemic control following the intervention; HbA1c improvements were either found between the intervention and control groups or before and after the team intervention.
Since only four out of the 45 studies showed non-significant HbA1c increases and none of the studies showed significant HbA1c increases, task delegation could probably enhance effective diabetes management. However, the results of the studies do not necessarily indicate that task delegation and inter-professional care lead to an improvement in HbA1c. This is because firstly, most of the studies did not include long-term observations of HbA1c levels, and secondly, many of the studies included patients with poorly controlled blood sugar levels. As such, analysis of these results could lead to an overestimation of the effect of the team intervention, and this effect may seem more modest if the studies were to include more patients with adequately controlled blood sugar levels.
The patients were generally very satisfied with the team intervention, as it often led to an increase in the time spent with the patients and an emphasis on self-management techniques and individualised education. In summary, patient satisfaction was linked to quantity and quality of contact with healthcare providers [41] .
Quality of life scores were not positively influenced by the team intervention in most of the studies included in the review. This may be explained by the fact that diabetes patients are generally known to have a lower quality of life than non-diabetes patients [42] .
Furthermore, the patients included in the studies had been suffering from diabetes for a long time (mean diabetes duration: 10.8 years), and were therefore much more likely to have already developed at least one diabetic complication. There is evidence of correlation between diabetes duration and deterioration in quality of life [43] [44] [45] , mainly due to the development of complications. However, only a very small number of the studies included in this review covered the effect of the team intervention on the development of complications. Only eight of the studies (18%) measured nephropathy parameters, and none of these studies showed an improvement following the establishment of the team.
Team characteristics. Team compositions have been shown to be highly heterogeneous, with team-members coming from a variety of professional, educational and personal backgrounds. This heterogeneity of caregivers is likely to be of benefit in meeting the needs of highly heterogeneous patient populations who require individualised care approaches [46] .
Unfortunately, most of the studies included in this review did not elaborate on the type of collaboration that occurred within the teams. Research on teamwork is complicated by inconsistent terminology, which is often used interchangeably and does not necessarily reflect the level of collaboration [47, 48] .
Most studies included in this review failed to specify whether the different providers shared a team identity or code of conduct, nor did they report the presence of a supervising team leader. Previous research has shown that teams with a recognised leader appear to be more effective than teams without a leader [49, 50] but further research is needed to analyse the effects and the qualifications and skills required in a team leader. The question of whether a team leader should be a physician or a non-physician should also be addressed.
Team size and the relative proportions of physicians and non-physicians in the team did not seem to influence the outcome parameters. These findings suggest that there must be other parameters that are of importance when it comes to the effectiveness of a team. Communication between team-members seems to play an important role in team effectiveness, as it encourages the development of trust and mutual respect [51] . Also, effective teams need to consist of motivated, committed and experienced staff [52] . Interestingly, not a single study in this review covered the individual motivation and commitment of the physician and non-physician participants.
While randomised, controlled trials are widely considered the gold standard in medical science, other types of study designs, such as before/after studies, might be more beneficial when analysing psychological factors relating to task delegation and teamwork.
The main focus of this scoping review was on task delegation rather than the substitution of medical tasks. The definitions of these terms vary depending on the specific healthcare system and legal context in question. Previous research has shown the huge potential of the substitution of medical tasks to non-physician healthcare providers [19] . The findings of this review suggest that, when appropriately qualified and trained, non-physician team-members can probably achieve equal or even better health outcomes for diabetes patients than those achieved by physicians.
Limitations
Several factors may affect the findings of this review and must be considered as potential limitations: 1) The lack of specific keywords and consistent terminology for describing task delegation and team interventions complicated the literature search, which may have resulted in relevant studies being missed. However, in order to minimise this limitation, a very extensive literature search method was conducted over a period of 12 months. 2) Due to the heterogeneity of identified studies, it was not possible to conduct a meta-analysis of results as part of this review. Instead, the review offers a description of the interventions and outcomes, and reveals gaps in existing research. 3) As in any systematic review, the findings of this review rely on the quality of the studies included in it, which appeared to be heterogeneous. Many of the studies included in the review maintained a high scientific standard and gave a detailed description of the methodology they used. However, there were also some studies of lesser quality that did not indicate basic methodological aspects, such as eligibility criteria, power and sample size calculation, underlying national or international guidelines, or study limitations and potential bias. 4) Studies with negative results may be underrepresented in the review, resulting in biased effects. 5) Given the differences in the expertise and training of non-physician healthcare providers, the legal backgrounds and the incentive systems in different healthcare systems around the world, the implications of this review for practice are limited. Recent study results reveal the potential of delegation and telemedicine in Germany [53] , but further research is needed to justify task delegation in practice.
Conclusion
The findings of this scoping review suggest that appropriately qualified and trained non-physicians could provide equal or possibly even improved diabetes care compared to that provided by physicians. The potential applications of task delegation are broad, and vary depending on the setting and patient population. Telemedicine might prove a helpful tool when implementing task delegation in practice. Given the vast differences in healthcare systems around the world, it is not possible to draw conclusions regarding the level of qualification and training required for non-physicians. As a result, implications regarding practice should be based on national rather than international study results. Further research should indicate precisely the adherence to evidence-based guidelines and the training and expertise of non-physicians in order to facilitate international comparisons.
Future studies should address whether task delegation could not only provide equivalent glycaemic control, but also lead to long-term improvements, and even effectively improve primary endpoints rather than surrogate parameters. Diabetes management is not solely based on glycaemic control, but rather implies comprehensive healthcare involving regular exams of different organ systems, from head to toe. As such, future research should place greater emphasis on the effects of task delegation on patient-centred parameters, as well as the prevention and early detection of diabetic complications. This review revealed an inconsistency between biochemical outcome parameters, such as HbA1c, and patient-centred outcome parameters, such as quality of life scores. Future research that effectively targets quality of life is needed in order to find out whether this inconsistency really exists.
Future studies of team-based diabetes care should give more attention to the assessment of team characteristics, especially the ideal team size and the involvement of physicians in the team. Related to this is the question of whether non-physician clinicians need to be supervised by physicians, or whether they should work independently.
While the importance of motivated, committed staff is undeniable, research on the individual characteristics of team members is scarce. Study designs other than randomised controlled trials might be of benefit. 
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